Pirazóis foram preparados em excelentes rendimentos via reação de condensação entre várias 1,3-dicetonas (R 1 COCHXCOCH 3 , R 1 = Me, Ph; X = H, Me, Cl) e hidrazinas, acilhidrazinas ou sulfonil hidrazinas, na presença de quantidades catalíticas de Sc(OTf) 3 , a temperatura ambiente, na ausência de solventes. Adicionalmente, o catalisador foi facilmente recuperado após as reações e reutilizado sem perda evidente na atividade.
Introduction
Pyrazole and its derivatives constitute an important class of compounds, which exhibit various biological and pharmaceutical activities 1 ranging from antitumor 2 to antiinflammatory, 3 antipsychotic, 4 antimicrobial, 5 antiviral 6 and antifungal 7 activities. They are also useful intermediates for many industrial products. 8 It is therefore not surprising that many synthetic methods have been developed for the preparation of the heterocycles. The heterocycles can be synthesized via 1,3-dipolar cycloadditions of diazo compounds, 9 reaction of acetylenic ketones 10 or chalcones 11 and hydrazines, a four-component coupling of terminal alkynes, hydrazine, carbon monoxide, and aryl iodides. 12 Recently, a few efficient methods have been reported, too. 13 Moreover, pyrazoles can also be successfully obtained from the direct condensation of 1,3-diketones and hydrazines.
14 This is the most simple and straightforward procedure for their synthesis, a variety of catalysts such as H 2 17 have been employed to effect this transformation. Although these methods are suitable for certain synthetic conditions, sometimes, however, many of these procedures are associated with one or more disadvantages such as long reaction time, low yield, use of volatile organic solvents, requirement of excess of reagents or catalysts, special apparatus and harsh reaction conditions. And some of them need stoichiometric amount of acids which can be trapped by hydrazines in this condensation. Due to the importance of these compounds, the development of convenient, environmentally benign, high-yielding and clean approaches is highly desirable. To our knowledge, less attention has been paid to the synthesis of pyrazoles from 1,3-diketones and acylhydrazines/ sulfonyl hydrazines in the presence of Lewis acid. Metal triflates are unique Lewis acids that are currently of great research interest. 18 Firstly, metal triflates are air-and water-stable, thermal stable, less toxic, easily recovered and reused. In addition, metal triflates are still active in the coexistence of many substrates containing nitrogen, oxygen, phosphorous, and sulfur atoms. Due to these advantages, they are widely used in organic synthesis.
herein develop a green, simple and practical method for the synthesis of pyrazoles from 1,3-diketones with hydrazines, acylhydrazines and sulfonyl hydrazines catalyzed by Sc(OTf) 3 under solvent-free conditions.
Results and Discussion
To optimize the reaction conditions, we studied the condensation of pentane-2,4-dione with benzohydrazide in various reaction conditions and the results were summarized in Table 1 .
Among the various catalyst such as Sc(OTf) 3 , Cu(OTf) 2 , Zn(OTf) 2 , Yb(OTf) 3 , InCl 3 , ZrSO 4 ·4H 2 O (Table 1 , entries 1-6), Sc(OTf) 3 was found to be the most effective catalyst in terms of reaction yields and rate. Then, the reaction was performed in different amounts of Sc(OTf) 3 . It was found that the yield was not significantly affected by adding amount of Sc(OTf) 3 , and 2 mol % of Sc(OTf) 3 was sufficient, and excessive amount of catalyst did not increase the yield remarkably (Table 1 , entries 1, 7 and 8). The use of 2 mol % Sc(OTf) 3 was optimal to ensure high reaction efficiency at room temperature in the absence of solvent. It was found that only the intermediate (5-hydroxy-3,5-dimethyl-4,5-dihydro-1H-pyrazol-1-yl) (phenyl)methanone (4) was observed when the mixture was stirred under similar conditions in the absence of Sc(OTf) 3 , even after 1 h (Table 1 , entry 9). It was proved that the catalyst did play an important role in this reaction.
4
The general efficiency of this protocol was then studied for the synthesis of a variety of pyrazoles and the results were summarized in Table 2 .
As can be seen from Table 2 , various hydrazines and acylhydrazines reacted efficiently with 1,3-diketones to afford the desired pyrazoles in good yields. A series of aromatic hydrazides bearing either electron-donating (Table 2 , entries 1, 2, 9, 10, 13 and 14) or electron-withdrawing (Table 2 , entries 4, 12, 16) groups on aromatic ring were investigated. The substitution group on the phenyl ring did not seem to affect the reaction significantly either in the yield of product or the rate of the reaction. Moreover, we also examined the condensation of aliphatic hydrazide with 1,3-diketone ( Table 2 , entry 5). Similarly, the corresponding product was obtained with good yields. Apart from the spectroscopic evidence, meanwhile, the structure of 3i (Table 2, entry 9) was confirmed by a single crystal X-ray diffraction analysis ( Figure 1 ). 22 Furthermore, the advantage of the present protocol was also evidenced when less reactive hydrazines were used in the following reactions. Wang and Qin 15 reported that the (5) in the presence of sulfuric acid. However, 2,4-dinitrophenyl hydrazine smoothly reacted with 2,4-pentanedione to afford the desired pyrazole derivative (3h) in excellent yield (99%) using the present protocol ( Table 2 , entry 8). And other less reactive hydrazines such as 4-nitro-phenyl hydrazinecan also smoothly reacted with 1,3-diketones to afford the desired product in high yields ( Table 2 , entry 7). It is noteworthy that we also examined the activity of recycled Sc(OTf) 3 catalyst. The reaction mixture was washed with water, extracted with ethyl acetate, and the aqueous phase was dried at 140 o C for 4 h. The residue could be reused for the next batch reaction. It was found that Sc(OTf) 3 could be reused three times without evident loss of activity (with the yields of the corresponding product being 95%, 94%, and 92%, respectively); Table 2 , entry 1.
Next, we examined the condensation reactions of 1,3-diketones with p-toluenesulfonylhydrazide (Scheme 1). 3,5-Dimethyl-1-tosyl-1H-pyrazole (3q) and 4-chloro-3,5-dimethyl-1-tosyl-1H-pyrazole (3r) were obtained in 99%, and 82% yields respectively when the reaction was performed at 60 o C in the presence of Sc(OTf) 3 . Nevertheless, trace product was obtained in the absence of catalysts, which also further proved that Sc(OTf) 3 did play an important role in this reaction.
Finally, to extend the scope of triflate-catalyzed method of pyrazoles formation, an unsymmetrical diketone such as 1-phenylbutane-1,3-dione was employed. As shown in Scheme 2, the reaction was also performed smoothly and a very good regioselectivity was also observed (3s : 3s′ = 13 : 1, ratio based on its 1 H NMR spectrum). In summary, a new catalytic protocol to synthesize pyrazoles has been developed. Compared to previous reported methodologies, the present protocol features simple work-up, short reaction time, environmentally benign, easy recovery and reuse of metal triflate and mild reaction conditions with excellent yield. Currently, studies on the extension of this protocol are ongoing in our laboratory. C NMR spectra were recorded on a Brucker AC 300 instrument using CDCl 3 as the solvent with tetramethylsilane (TMS) as an internal standard at room temperature. Chemical shifts were given in d relative to TMS, the coupling constants J are given in Hz. Elemental analysis was determined on a Carlo-Erba 1108 instrument. X-ray diffraction data were collected on a Bruker Smart Apex diffractometer with graphite-monochromated (Mo Ka, λ 0.70173Å) radiation using SMART. All reactions were conducted using standard Schlenk techniques. Column chromatography was performed using EM Silica gel 60 (300-400 mesh).
General procedure for the preparation of pyrazoles
The hydazines/hydrazides (1.0 mmol) and Sc(OTf) 3 (2 mol %) were placed in a Schlenk reaction tube with efficient stirring or mixing, then 1,3-diketone (1.0 mmol) was added. The mixture was stirred for 20 min at room temperature. After completion of the reaction, as indicated by TLC, the reaction mixture was washed with water, extracted with ethyl acetate, the organic phase was separated and dried over anhydrous sodium sulfate, filtered and the solvent was removed under vacuum. Then, the residue was purified by flash column chromatography on a silica gel to give the corresponding product.
The spectral and analytical data of some representative compounds are given below.
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